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When sebum is collected from the skin surface in an 
absorbent material, the amounts obtained in successive 
collections at the same site decline steadily. In the pres-
ent study, sebum was a bsorbed into b entonite clay ap-
plied to 2.5 sq cm areas on the foreheads of 3 subjects for 
3-hr intervals during 24 hr. The amounts of sebum ob-
tained, measured by thin-layer chromatography, de-
clined for 12 hr and then remained constant for the 
r emaining 12 hr. It was inferred that the final, sustain-
able rate represents the true rate at which sebum was 
being secreted by the sebaceous glands, and that the 
additional sebum collected at earlier intervals was ob-
tained from an accumulation in the stratum corneum or 
in the follicular canals. For the 3 subjects, the accumu-
lated sebum averaged 213 /Lg/sq cm, compared with a 
sustainable secretion rate of 25 /Lg/sq cm/hr. The large 
quantity of accumulated sebum, relative to the secretion 
rate, could obscure differences between subjects when 
sebum secretion rates are measured by short-term col-
lections of sebum in absorbent materials. 
We have recently had reason to consider whether the pilo-
sebaceous canals or the lipid-filled intercellular spaces of the 
stratum corneum [1-5] might provide for the accumulation of 
significant amounts of sebum aft er its secretion by the seba-
ceous glands. Such a possibility could explain the observation 
that absorbent materials placed on the skin surface continue 
for many hours to accumulate sebum at rates greater than that 
at which it is secreted. Thus, in the technique for measuring 
sebum production rates developed by Strauss and Pochi [6], 
sheets of absorbent paper are held tightly to the prepared skin 
surface for 3 hr. The sebum absorbed is then extracted and 
weighed to provide a measure of sebum secretion rate. However, 
if another set of papers is immediately applied to the site for an 
additional 3-hr period, the amount of sebum collected is always 
considerably less [7], an observation which we have confirmed 
but previously have been unable to explain. 
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In the present study, we have used films of bentonite clay 
applied to the skin for the purpose of sebum absorption, ex-
pecting that the more intimate surface contact and greater 
absorbency of this material might provide for more rapid and 
quantitative collection of sebum from the skin surface. The use 
of thin-layer chromatography to quantify the sebum collected 
allowed the use of smaller and more numerous collection sites, 
due to the ability of the quantifying procedure to accurately 
measure small amounts of sebum. As a result of these studies, 
we have been able to confirm the depletion phenomenon ob-
served with the paper absorption method, and to show that this 
could be due to an accumulation of sebum in some cutaneous 
compartment. 
METHODS 
Sebum Absorption into Paper 
The technique used was that of Strauss and Pochi [6]. An area 1" 
x 3/4" in the center of the forehead was outlined with nonperforated 
adhesive surgical tape, a nd then pads of ether-extracted cigal·ette 
papers were applied and held in place with a gauze pad and an elastic 
bandage. After 2 successive 15-min coUection periods, fTesh papers were 
applied for ea·ch of 2 successive 3-hr intervals. After removal, the 
collected sebum was elu ted with ether into preweighed aluminum foil 
cups, the ether was evaporated on a slide warmer, and the rema ining 
sebum was weighed. 
Sebum Absorption into Bentonite Clay 
The subject's forehead was washed thoroughly with soap and water 
and then rinsed clean with water. This process was repeated, and then 
the skin was dried with a paper towel. A film of an aqueous gel 
containing 15% bentonite clay and 0.2% carboxymethyl cellulose was 
applied to the skin and then 1.8 cm dia. discs cut from fine Dacron 
mesh (Cistron Corp., Lebanon, PA, catalog #678-149) were pressed into 
the film and smoothed over with additional gel. These films dried to an 
adherent, oil-absorbing layer in about 10 min. After the required 
collection time, the area of clay defined by a disc was peeled off a nd 
placed in 5 ml of ether for extraction of the lipids. The bared area of 
the skin was then treated with ano ther film of the gel and a fresh disc. 
The ent ire procedure was repeated as often as required by the experi-
mental protocol. 
The amount and composition of sebum extracted fTom the clay on 
each occasion were measUl·ed by quantitative thin-layer chromatogra-
phy [8,9]. Thus, each ether extract was evaporated and the lipid residue 
was redissolved in 100 fLl of to luene. A 4 1'1 a liquot of each solu t ion was 
applied with a micropipet (Drummond Microcap) to a 6 mm-wide lane 
scribed in a 250 I'm layer of silica gel G on a 20 x 20 cm glass plate. 
S imilarly, a 4 1'1 aliquot of a solut ion of steru·yl oleate in toluene (2 mg/ 
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mI) was applied to several lanes on each chromatographic plate as a 
quantitation standru·d. The chl'omatograms were then developed suc- 200 
cessively in hexane (to 19 cm), toluene (to 19 cm) , ruld hex-
ane : ether: acetic acid (70: 30: 1, twice to 10 cm). After drying, the plate 
was sprayed with 50% H2S0 4 and the lipids were charred by heating 
slowly to 2200 on a hotplate over a period of 45 min. When cool, 
the chromatograms were scanned with a recording photodensi-
tometer (Clifford 445, Corning Medical Products, Medfield, MA). The 
amounts and composition of the sebum samples were calculated from 
the dimensions of the peaks in the densitometer record [9]. 
RESULTS AND DISCUSSION 
In a group of 5 subjects, the average amount of sebum 
collected in the absorbent papers in 3 hr was 148 p.g/ sq cm, 
while in a succesive 3-ill period at the same site on the forehead 
the amount collected was 117 p.g. Thus, the amount of sebum 
collected in an initial 3-1ll: period was greater than in an im-
mediately successive interval. This suggests that the 2 prepa-
ratory 15-min collection periods, which are used routinely in 
the standard technique of collection in absorbent papers, do not 
eliminate an accumulation of previously secreted sebum. A 
week later, using the same 5 subjects, the absorbent clay 
method collected 178 p.g/sq cm in 3 hr, showing the more rapid 
absorbence of this material, possibly because of its more inti-
mate contact with the skin sUl"face. In unpublished experiments, 
we have found that the clay continues to absorb sebum when 
left in place for 12 hr. Its capacity, therefore, is not exceeded 
during the 3-ill periods employed in the present study. 
We reported previously [10], that when the absorbent clay 
was used to make successive I-ill collections at the same site 
over 8 hr, the quantities of sebum obtained did not continue to 
decrease indefinitely, but began to approach a steady level after 
8 hr. In the present study, successive 3-1ll: collections were made 
with the clay at 6 sites on the foreheads of each of 3 subjects 
for a total of 24 hI". The FigUl"e shows that although the amounts 
of sebum collected fell precipitately for at least 12 In', once the 
minimum level was attained it was relatively constant for the 
remainder of the 24-hr period. It can be deduced that the long-
term sustainable rate of sebum collection represents the true 
rate at which sebum is secreted by the sebaceous glands. The 
rates obtained by the present method are comparable with 
estimates of sebum production based on the sebum content of 
full-thickness punch biopsies of the scalp [10] in the knowledge 
that the sebum content represents 8 days' production (this 
being the average time which elapses between synthesis of 
sebum and its secretion onto the skin sUl"face [11]). Sebum 
production rates deduced by the biopsy method are less than 
half of the rates that have been measlU'ed by the paper collec-
tion method on the foreheads of a similar group of subjects 
[10]. 
Thus, dlU'ing the first 12 hr of surface absorption, quantities 
of sebum are collected which exceed the tl"Ue sebum secretion 
rate. One can use the Figure to estimate the amount of this 
excess sebum, by summing the quantities of sebum obtained in 
the fil"st 12 Ill: that are in excess of the sustainable rate of 
secretion during the next 12 hI'. For the 3 subjects, this excess 
sebum averaged 520 p.g for the 2.5 sq cm collection area, or 213 
p.g/sq cm. Table I shows the estimated amounts of excess sebum 
for each of the individual subjects, together with their final, 
sustainable rates of secretion. Table II contains data on the 
average composition of the lipids collected at each time interval 
from the 6 sites on the foreheads of each of the 3 subjects. 
Changes occUl"red in the composition of the collected lipids, 
limited to the period during which the amounts oflipid declined, 
after which the composition remained constant. The changes 
consisted of increases in the concentrations of fatty acids and 
triglycerides and decreases in the concentrations of wax esters 
and squalene. It is not known what significance to attach to 
this observation. 
If the low, sustainable rate of sebum collection represents the 
rate at which sebum is being secreted, it then becomes necessary 
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FIG Method of estimation of the sustainable rate of sebum produc-
tion and accumulated sebum from successive 3-hr measurements of the 
amount of sebum absorbed from sites on the foreheads of subjects. The 
sum of a, b, c, and d is the amount of sebum collected in addition to 
that provided by the sustainable rate of secretion. 
T A BL E 1. Sebum production rate and accumulated sebum in 
individual subjects 
Subject Sustainable rate of Amount of excess 
sebUln production n sebum absorbed n 
lllJ/ sq em/ It,. lllJ/ sq em 
1 27 300 
2 17 180 
3 30 160 
Means 25 213 
n Estimated graphically as in the Figure fTom the results of sebum 
absorption at 6 sites on the foreheads of each subject in 3-hr intervals 
over 24 lu·. 
TABLE II. Average composition of sebum absorbed during 3-hr 
intervals over 24 hr from 6 sites on the foreheads of each of 3 
subjects 
Period Composition (wt%) 
(h ) OG CH FA TG WE CE Q 
3 2.18 0.59 12.86 39.93 27.38 2.04 15.02 
6 1.73 0.54 13.52 42.47 25.29 1.76 14.69 
9 1.40 0.53 14.44 43.80 23.98 1.48 14.35 
12 1.38 0.74 16.70 43.35 22.90 1.43 13.49 
15 1.09 0.66 16.87 43.31 22.90 1.44 13.76 
18 0.98 0.69 17.18 43.06 22.78 1.47 13.76 
21 1.26 0.76 17.15 42.74 23.12 1.31 13.66 
24 1.17 0.69 17.11 43.53 22.79 1.15 13.61 
to deduce the source of the large, additional amounts of sebum 
that can be collected during the fIrst 12 hr of absorption. It 
seems unlikely that this amount of sebum could have resided 
on the skin surface, because the collection sites had been 
washed with soap and water, and because any residual surface 
sebum should have been rapidly t.aken up by the fIrst of the 
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absorbent films of clay, rather than requiring 4 successive 3-hr 
absorptions to deplete it. It seems possible that the excess 
sebum could have been withdrawn from the follicular canals. 
With up to 800 follicles per sq cm [12], each would need to yield 
only a fraction of a microgram of sebum in addition to the 
amount secreted as the result of the pressure of synthesis. From 
our measurements of the dimensions of pilosebaceous canals 
[13], the average canal can contain about 5 p.g of sebum, so that 
a 10% depletion of this would provide the amounts of accumu-
lated sebum that we have observed in the present study. 
A further possibility for . explaining the source of the excess 
sebum is that it is being withdrawn from the intercellular spaces 
of the stratum corneum. Recent interpretations of the structure 
of the stratum corneum indicate that lipid domains occupy the 
intercellular spaces [1,2] which form 20 to 30% of the volume of 
the horny layer of the epidermis [3]. The lipids consist largely 
of non phosphorus-containing polar lipids, principally ceramides 
and glucosylceramides, together with some less polar lipid 
[4,5). These e'xtracellular lipids appear to be present in extensive 
lamellae, providing a satisfactory explanation both for the effi-
cient water barrier properties of the stratum corneum and for 
its appreciable permeability to lipids [1]. Sebum could diffuse 
into the lipid-filled intercellular spaces, possibly becoming in-
tercollated into the hydrocarbon domains of the postulated 
bimolecular leaflets of polar lipid. This can be imagined as a 
slow process, and its reversal by diffusion into a surface absor-
bent should be equally slow. In considering whether the stratum 
corneum possesses sufficient capacity to absorb the quantities 
of excess sebum which we observe, it is necessary to estimate 
the volume of the horny layer. From Kligman's speculations on 
the thickness of the stratum corneum [14], it can be deduced 
that the thickness of the stratum corneum on the human 
forehead is probably about 15 p.m, giving a volume of 1.5 cu 
mm for each square centimeter of surface area. At a density of 
0.83, the average quantity of excess sebum which we have 
measured (213 p.g/sq cm) would occupy 0.25 cu mm, or 17% of 
the volume of the stratum corneum. Since the intercellular 
space occupies 20 'to 30% ofthe volume ofthe stratum corneum 
[3], the excess sebum would constitute 67 to 85% of the total 
intercellular lipid, which seems feasible, but unlikely. 
Irrespective of the location of the accumulated sebum, its 
large amount in relation to the rate of sebum secretion requires 
that it be taken into account when estimates of sebum produc-
Vol. 79, No.4 
tion are to be obtained by measurements of surface absorption 
of sebum. Although the paper absorption method should con-
tinue to be useful for demonstrating changes in sebum produc-
tion rate in individuals, the existence of accumulated sebum 
probably obscures differences in sebum secretion rate between 
subjects. This might explain why it has not been possible to 
identify acne-prone individuals on the basis of their sebum 
production rate, even though it has been shown that as a group, 
subjects with acne have higher sebum production rates than 
normal [15]. 
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